We have investigated, in a prospective double-blind study, recovery from anaesthesia induced by two admixtures of propofol and thiopentone and compared it with a third group of patients who received propofol and lignocaine. Ninety unpremedicated ASA 1 or 2 patients scheduled for elective gynaecological laparoscopy as a daycase procedure were randomly allocated to receive one of three different mixtures for induction of anaesthesia as part of a standardized anaesthetic: Group P 50 : propofol 1% 10 ml/thiopentone 2.5% 10 ml, Group P 75 : propofol 1% 15 ml/thiopentone 2.5% 5 ml, Group P 100 : propofol 1% 20 ml/lignocaine 1% 4 ml. Recovery from anaesthesia was assessed for up to four hours post-induction by critical flicker fusion threshold and best post-box toy completion time. Comparison was made with preoperative baseline performance. There was no significant difference in postoperative recovery between the three groups with either assessment but no group returned to their mean preoperative performance levels within the first four hours post-induction. Nor was there any difference between the groups with respect to postoperative analgesia or anti-emetic administration. Utilizing the most sensitive end-point, a sample of nearly 1000 patients in each group would be required to confirm the observed difference with a power of 0.8 based on the data from this study. In comparison with lignocaine, the addition of thiopentone to propofol does not delay recovery from anaesthesia and does not increase postoperative analgesic or anti-emetic requirements.
Intravenous administration of propofol produces smooth induction of anaesthesia with rapid recovery, making it suited to daycase anaesthesia 1, 2 . A disadvantage of propofol administration is the high incidence of pain on injection (30-100%) 3, 4 and there have therefore been many attempts to reduce its occurrence, including pre-treatment or mixture with lignocaine 5 , cooling the injectate 6 , prior injection of fentanyl 7 , and using a large vein 8 . Of these methods, only the last mentioned has been shown to consistently reduce the incidence of pain on injection below 15% 5 but this approach is associated with an increased risk of arterial administration in the antecubital fossa. Another pain reduction strategy described the injection of 100 mg of thiopentone prior to propofol administration and this was shown to be more effective than 20 mg of lignocaine in reducing the incidence and severity of pain on propofol injection 9 . These authors acknowledged their failure to control for the hypnotic effect of the thiopentone and furthermore, no comparison was made with a larger dose of lignocaine.
We have recently shown that the admixture of thiopentone with propofol results in an additive hypnotic effect, a reduction in pain of injection which is comparable with that resulting from addition of lignocaine and a reduced hypotensive response compared to propofol injection alone during induction 10 . However, any clinical advantage during induction, conferred by the addition of thiopentone to propofol, has the potential to prolong postoperative recovery and delay patient discharge, of particular importance in daycase anaesthesia.
The aim of this study was to compare the psychomotor and perceptual recovery following doubleblind administration of propofol and thiopentone admixtures in usual clinical practice.
MATERIALS AND METHODS
Ninety ASA 1 or 2 female patients aged 18 to 40 years undergoing laparoscopy as a daycase procedure were enrolled prospectively to participate in a study, approved by the Royal Women's Hospital Ethics Committee. Each patient received a verbal and plain language written description of the research protocol and gave written consent to participate.
Baseline psychomotor performance was assessed using the critical flicker fusion threshold (CFFT) 11 and best post-box toy completion time (PBCT) 12 . For CFFT assessment the subject was required to detect flicker fusion in a set of two light-emitting diodes set at the base of a non-reflective 1 m tube, within a frequency range of 10 to 60 Hz, using alternately ascending and descending frequencies. Each subject underwent sufficient practice attempts until an understanding of the use of the apparatus was demonstrated and to diminish any possible learning effect. The CFFT was taken as the mean of six results, three on the ascending scale and three on the descending. The patient was also familiarized with a post-box toy and the completion time for her best performance on five attempts recorded. After five attempts the patient's learning curve flattened and further attempts resulted in a decline in performance. Postoperatively the patient's fastest completion time at a single attempt was recorded and a ratio of the best preoperative, unmedicated, practised performance, to the postanaesthesia completion time at each assessment was computed as the toy completion ratio for psychomotor recovery assessment 13 . Postoperative CFFT and PBCT were attempted one hour after induction of anaesthesia, and then at hourly intervals until four hours post-induction. Each postoperative psychomotor measurement was expressed as a ratio of the patient's best, unmedicated, preoperative performance (CFFR and PBTR) so that each patient became her own control and thereby reduced the effect of interpatient variability and limited the practice effect.
No premedication was given and a 20 gauge cannula was inserted in a vein on the dorsum of the non-dominant hand after subcutaneous infiltration with lignocaine 1%. An infusion of compound sodium lactate was commenced via a three-way tap to maintain cannula patency. The methodology of this study was designed to reproduce usual clinical practice and therefore fentanyl 1.5 µg.kg -1 was administered IV 60 seconds prior to the start of induction. Patients were block randomized to receive, in a double-blinded manner, an induction agent admixture: Group P 50 received propofol 1% and thiopentone 2.5% mixture in the ratio 10 ml (100 mg) to 10 ml (250 mg), Group P 75 received propofol 1% and thiopentone 2.5% mixture in the ratio 15 ml (150 mg) to 5 ml (125 mg), Group P 100 received propofol 1% and lignocaine 1% mixture in the ratio 20 ml (200 mg) to 4 ml (40 mg) 14 . All solutions were at room temperature. The induction mixture (36 ml by volume) was prepared by a non-participating anaesthetist in a 50 ml syringe and loaded into a syringe pump (Graseby 3400 ® , Graseby, Watford, U.K.) and the connection tubing primed prior to connection to the three-way tap. Venous sampling (5 ml) was performed in 10 patients in each of the blinded groups at the following times after the conclusion of induction agent injection: 1, 2, 4, 6, 8, 10, 15, 20, 30, 45, 60, 90, 120, 180 and 240 min. The samples were divided and assayed separately for propofol (whole blood) and thiopentone (plasma) as per the method described in a parallel publication 10 .
The patient was asked to hold a water-filled 50 ml syringe between the thumb and middle finger of the dominant hand with the upper arm and forearm supported by an arm-board. The induction mixture syringe was attached to the three way tap, the IV infusion of compound sodium lactate was interrupted and the syringe pump started (time zero,T 0 ) at a rate of 20 ml.min -1 . At T 0 +10 sec, the patient was asked if she felt any arm discomfort and if so whether it was mild, moderate or severe. It was also noted if the patient grimaced, withdrew her hand or complained of pain. When the water-filled syringe dropped from the patient's hand the infusion was ceased and the volume of admixture delivered was recorded. Muscle relaxation with vecuronium 0.1 mg.kg -1 facilitated tracheal intubation and mechanical ventilation was commenced and adjusted to an end-tidal carbon dioxide level of 35 mmHg. Patient monitoring included an electrocardiograph, pulse oximeter, gas and agent monitoring and automated non-invasive blood pressure. Anaesthesia was maintained with isoflurane 1-2 MAC in nitrous oxide and oxygen. Muscle relaxation was reversed with neostigmine (with atropine) and laparoscopy wounds were infiltrated with bupivacaine 0.5% with adrenaline.
Postoperative pain was treated with incremental doses of either IV or IM pethidine or morphine as required. Nausea and vomiting were treated with incremental doses of either IV or IM metoclopramide or prochlorperazine, as needed, according to physician preference. The following data were collected for each patient. Age, weight, height, ASA status, operative procedure, duration of surgery, anaesthetic agents and doses, postoperative analgesia and anti-emetic therapy.
Interval scale data including age and weight were analysed by one-way ANOVA with P<0.05 considered a statistically significant difference between the three admixture groups. Data not normally distributed, such as operation duration, were ranked and analysed by the Kruskal-Wallis statistic, and nominal scale data were analysed using Chi-Square contingency analysis with Yates' correction or Fisher's exact test for 2x2 tables. Statistical analysis was executed using SPSS for Windows 6.0.
RESULTS
Patients were comparable in age, height, weight, ASA status and operative duration ( Table 1 ). Induction progressed smoothly in all patients without any involuntary movements. No patient in any test group experienced severe pain with injection based on voluntary verbal report or limb withdrawal, and approximately 60% of all patients experienced no pain, even on direct questioning. Those patients experiencing mild or moderate pain were almost equally divided between the groups.
There was no difference between the groups in preoperative performance and the coefficient of variation (CV) for the means of the final three (of five) measurements of CFFT for all patients was 3.6% (n=90), while the CV for means of the final three completion times for the post-box toy for all patients was 11.4% (n=90). Figure 1 shows normalized (corrected for patient weight and individual induction dose) thiopentone and propofol blood levels and the critical flicker fusion and post-box toy ratios measured each hour after induction of anaesthesia up to four hours, and the number of patients who could participate in the assessment at each time point. There were no significant differences in psychomotor or perceptual recovery measurements between the three admixture groups, nor was there any difference in the numbers of patients who could participate at each time of assessment ( Table 2) . No group was able to equal their preoperative performance within four hours of induction of anaesthesia. The total number and pattern of distribution of patients in each group achieving their preoperative performance four hours after anaesthetic induction (PBT: P 50 =4, P 75 =2, P 100 =4; CFF: P 50 =8, P 75 =8, P 100 =7 ) and during each of the assessment periods, were similar. The analgesic/anti-emetic administration by group and the reasons for failure to participate at each assessment are detailed in Tables 3 and 4 . There were no significant differences between any of the groups with any of these recorded variables.
Data from both methods of recovery assessment indicated a dose-response relationship with improved group performance over time. A linear relationship between the recovery of critical flicker fusion threshold and serum thiopentone concentrations appears more probable than a linear relationship between the post-box toy measurement and normalized thiopentone or propofol concentrations during the recovery phase (Figures 2 and 3 ).
DISCUSSION
Recovery data were collected from patients who had participated in an investigation of the induction properties of the admixtures of thiopentone with propofol. These admixtures were equi-effective in relieving pain on IV injection as the admixture of lignocaine with propofol 10 . Furthermore the admixture of thiopentone with propofol was additive in hypnotic effect and not synergistic as demonstrated by Naguib and Sari-Kozuel using isobolographic analysis 15 . Power analysis can be exceedingly complex when there are more than two study groups and if the data are ordinate 16 . Even assuming our recovery data to be continuous we computed that 969 patients would be required in each group to eliminate a type II error 603 
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Anaesthesia and Intensive Care, Vol. 27, No. 6, December 1999 with a power of 80% (G•Power for Macintosh, version 2.1) 17 . After considering the pattern and nature of the data collected we believe our method was sufficiently appropriate to support our clinically relevant conclusions. Analysis of our recovery data demonstrates that no patient suffered a delay in discharge from the ward at four hours, nor was there any significant difference in psychomotor or perceptual recovery between the thiopentone admixture groups and the propofol/lignocaine group. Rashiq and colleagues described a similar psychometric recovery profile following propofol and thiopentone administered concurrently during induction of anaesthesia 18 . Many studies comparing propofol with thiopentone have demonstrated a faster early recovery phase with propofol using various measurements of wakefulness [19] [20] [21] but few studies have assessed patients at the usual time of day-care discharge. This study demonstrates that although no group was able to achieve their preoperative performance within four hours of induction of anaesthesia, admixture of propofol with up to 50% thiopentone did not significantly delay late recovery after anaesthesia. However, these data also endorse the findings of Sanders and colleagues who found using a battery of psychometric and subjective tests 607 PROPOFOL-THIOPENTONE ADMIXTURES Anaesthesia and Intensive Care, Vol. 27, No. 6, December 1999 that significant psychomotor impairment exists at the time when ambulatory surgical patients are customarily discharged from hospital 22 .
Addition of thiopentone to propofol in this study caused no increase in postoperative pain or emesis compared with propofol alone. Both the number of patients requiring opioids or antiemetics and the dosages given were comparable between groups and should therefore not have perturbed group comparison of psychomotor or discriminatory function testing. These data could imply that propofol may mask any emetic effect caused by thiopentone 23 . Fewer patients could sit (because of post-laparoscopic abdominal pain) and perform the PBT test compared to CFF assessment which could be achieved in the supine position at 60 minutes after anaesthesia induction. Thereafter non-compliance with testing was uncommon and numbers too small to ascertain any possible difference between the groups (Table 3) . Non-uniformity of environment conditions may have affected our psychometric data but measurements were consistently completed in either the day-care ward or post anaesthesia recovery room. Using each patient as their own control at each data point decreases the effect of patient variability, environmental changes and the effect of preoperative anxiety on group psychometric performance.
There is a wide variety of putative tests and methodologies for assessing cognitive and psychomotor function following anaesthesia 24 suggesting no single test attains adequate specificity and sensitivity for all circumstances. The post-box toy completion ratio is an assessment of psychomotor function which includes a significant cognitive component imposed by the various shapes and the holes through which these shapes are "posted", and thereby provides a combined assessment of both motor and intellectual function. Psychomotor function improvement through learning may obscure persisting impairment 25 . The effect of practice may be limited by ascertaining a particular subject's best unmedicated performance and relating subsequent assessments to that value. We found negligible performance improvement after five unmedicated attempts and a coefficient of variation of 11.4% over the final three completion times for the post-box toy. Similar methodology applied to the CFFT resulted in a coefficient of variation of only 3.6%. Unlike the PBT, the CFFT is largely a test of cognitive function with a secondary motor component 26 and proven sensitivity to drug effects 27 . All groups in this study showed a decrease in both PBT and CFF performance which improved over time but still had not returned to the mean best preoperative performance four hours after induction of anaesthesia (Figure 1 ). Hindmarch and Bhatti determined an efficiency rating for various tests of psychomotor recovery and suggested that CFF was more discriminatory than counting the number of objects posted during a given time frame 24 . However, CFFT was shown not to be sufficiently sensitive to assess sedation levels at 15% MAC concentrations of isoflurane 28 . Using the procedural methods described in this study, we found similar results for both tests when measuring a drug-effected decrease in performance. Other workers comparing methohexitone, thiopentone and propofol over a two hour period following the termination of anaesthesia using CFFT and choice reaction time (CRT) to assess recovery, reported that propofol performed significantly better than these other agents 1 . The advantage of the post-box toy ratio is that it was easily understood by the patient, easy to perform and the equipment is cheap and readily available.
Our data suggest that perceptual recovery appears more likely to be linearly related to thiopentone, and to a lesser extent, propofol blood concentrations, whereas recovery measured by psychomotor testing was not linearly related to concentrations of either drug. This relationship may be a sampling effect and therefore further data are required to expose both the individual drug effects and a model of the combined effects at the expected concentrations. Both recovery assessments described a dose-response relationship over time, and despite the marked variation in drug concentrations, all groups were equally depressed at four hours with either measurement.
Although peripheral venous sampling increased data variability during the distribution phase (five minutes), the phase of interest for this study (recovery) should be unperturbed, because mixing would be complete one hour after induction. This, together with dose normalization, permits bona fide dose-response analysis when using a pharmacodynamic endpoint to determine the induction dose and it was the superimposability of the normalized pharmacokinetic data which first suggested a lack of synergy between propofol and thiopentone given as described 10 .
Previous work reports the physicochemical compatibility of thiopentone/propofol admixtures 29 , a reduction in the degree of systolic hypotension on induction of anaesthesia and a similar incidence and severity of pain on injection compared to a propofol/lignocaine admixture 10 . Furthermore the additive hypnotic effect of the two drugs may result in an economic advantage by reducing the amount of propofol administered which is not offset by a delay in postoperative recovery or day-stay discharge. This study shows there are no major differences with respect to recovery of psychomotor function as measured by CFFT or PBT completion time up to four hours after induction of anaesthesia, but a decrease in psychomotor function still exists at the time of day-care discharge.
